
THEORETICAL ANTENNA ANALYSES. (U)
A JUL 80 H E KING, R B DYBDAL, 0 S CHANG F04701-79"C-080

7.CLASSIFIED TR-O08O 5930-06)-i SO-TR-B-50 NREulnnilmElmI



W 111111 W5
. ...

.jL25 Jil 11.6

MICROCOPY RESOLUTION TEST CHART



LEVEL
I>. Theoretical Antenna Analyse

00

M. Z. KING. &. & DYBDAL aud D. S. CHANG
C) EE~croalc. esearch lUboatory

Laborator Opeation
The Aerospac Corpraio

M1 Sepudo. CaMi MU4

* DT1C
JULl 16960

ED

Inteim Report

APPROVD FOR PUBUIC RELASE;-
DISTRIUTION II NUMITE

8 SPACE DIVISON
,~J AIP ORCE SYSTEMS COMND

Lee Angele Air Fore Statio
PA uNe, Weriway Post Center

Lee Angeles, CARL MWN



This Interim report we suboitted by fte Aerospace Corporation, U1 logusis
Calif. 90245, -under Contract No. 704701-79-04)S with the Space Division, ConU-
tracts Management Office, P.O. Box 92960, Wridway Postal Center, Los Aegelee
Calif. 90009. It mes reviewed and approved for The Aerospace Corporatios by IL
T. Wes, Acting Director, S lectronics Research Laboratory. Geodard X. Aichiqger
as the project officer for Mission-Oriented Investigation and Experimentation
(Holz3) Programs.

This report has been reviewed by the Public Atffairs Office (PAS) and is
releasable to the National Technical Information Service (MIS).* At NTIS, it
will be available to the general public, Including foreign nations.

This technical report has been reviewed and Is approved for publica--
tion. Publication of this report does not constitute Air Force approval of
the report's findings or conclusions. It Is published only for the exchange
and stimulation of ideas.

Gerhard 3. lige
Project Officer

FOR T=E COhIANDER

Contracts Management Office



r UNCLASSIFIED
r REPORT DOCUMENTATION PAGE EANE COUT4O POE

THEORETICAL ANTENNA ANALYSES -- OEE

E . CO T O L N IE NAM Ro e AN/Dy ADDRE an

Sh opace ii o prto OKUI UBR

Air Force Systems CommandIS
Los Angeles, Calif. 90009 2

14. MONITORING AGENCY NAMEA ADDRIESS1~ifIIewm how ConfrolIhu* Office) IS. SECURITY CLASS. (of this e pot)

Unclassified

150. DECL ASSI FIC ATIONf DOWN GRADING

C), SC14EOULE

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (.1 the abeftrac mtomE I. Block DO, 11I dftamt 6401 ReQPot)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Contcnue on reversesde Itnoooein mE Identify by bWoek nuimber)

Antenna Analysis Monopole Antenna

Oriented Investigation and Experimentation (MIlE) program are suntmarized. The
radiation pattern computation of a 46.8k diameter paraboloidal reflector anten-
na is compared with experimental results. The pattern analysis accounts for the
feed blockage and feed-strut scatter. Good agreement between the theoretical
and experimental results exists for wide-angle sidelobes. The diffraction levels
from a half-plane edge and a rounded edge were computed, and good correlation

IPAFORME 14n3



_____________________________________NMI_

UNCLASSIFIED
MCMYCLASSIFICATION OF TIS PA@EC(h.. Daft DuMw

Is eyCRDS (Ceethwae*)

20. ASSTRACT (Continued)

)with experimental results is indicated. The radiation patterns of a monopole
mounted on a circular and a rectangular ground plane were also computed. -.

UNCLASSIFIED
3mUMYY 9ISAYt OF ThIM PSMW &M uu



CONTENTS

INTRODUCTION... *....... o*..... * ** ... .. . . ... .. . . *.*.*.. 5

II. THEORETICAL ANTENNA ANALYSES ...............................

A. Analysis of the Paraboloidal Reflector Antenna.**........... 8

B. Diffracted Field Reduction from an Edge.............. 12

C. Analysis of a Monopole over a Ground lae......,...14

III. SUMMOARY AND CONCLUSIONS....... ...... .... ........ o oo *voo *.o........ 21

Acoe-soic o o
NTI S G~i&W
DDC TAB
Umamounced
Justificatio

Distribi~on/

_--IQ,*t oe
Avalland/o



FIGURES

1. Photograph of 29-GHz, 6-in. Diameter Reflector Antenna with
Diagonal Horn Feed................................. ................ 10

2. Comparison of Measured and Computed Patterns for a 92-GBZ,
6-in. Diameter Antenna .............................................. 11

3. Geometry of a Half Plane and Rounded Edge for Diffracted Field
Peduction ............................................................ 13

A. Diffraction Reduction with Rounded Edge for 30* Incidence Angle ...... 15

5. Geometry of Monopole over Rectangular Ground Plane................... 16

6. Computed Patterns of Monopole over 5.5A Rectangular
Ground Plane......................................................... 17

7. Computed Pattern of Monopole over CIrcular Ground Plane.............. 19

8. Computed Pattern of Monopole over Square Ground Plane................ 19

!,3



I. INTRODUCTION

Space Division and the Aerospace program offices have a continuing

requirement to establish the feasibility of new electromagnetic concepts for

space, reentry, air, ground (including hardened terminals), and subterranean

applications. The feasibility of the advanced concepts is established by both

theoretical analyses and experimental studies. The Electronics Research

Laboratory (ERL) develops and maintains experimental facilities required to

investigate new antenna concepts, confirm contractor's antenna designs, and

evaluate the performance of special purpose antennas. A portion of the

Mission-Oriented Investigation and Experimentation (MOIE) program effort is

devoted to the maintainance and upgrading of these experimental facilities in

order to provide the required support.

In recent years, much progress has been made in the development of

practical user-oriented computer analyses capable of examining many types of

antenna systems. An objective of the HOlE program was to utilize such analy-

ses to extend in-house capabilities. The achievement of this objective is

warranted by the increasingly mature technology required of present and future

systems and will improve ERL support to Space Division. During FY 79, theo-

retical analyses of several types of antennas were completed, which included a

study of (1) the radiation patterns of a 92-GHz, 6-in.-diameter (46.8X) pa-

raboloidal reflector antenna; (2) the diffraction levels from a half-plane

edge as compared to a rounded edge; and (3) the radiation pattern of a

umonopole over a finite-size circular and rectangular ground plane. The

theoretical results were verified by experiments for the 6-in.-diameter an-

tenna and measurements of the diffraction from rounded and half-plane edges.
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II. THEORETICAL ANTENNA ANALYSES

A general objective of the MOIE Antennas task was to extend in-house

capabilities for theoretical analyses of antenna systems, which would increase

the effectiveness of ERL support to several Space Division and Aerospace pro-

gram offices.

During this year, the achievement towards this objective was started with

analyses of the following: (1) the radiation patterns of a 92-GHz, 6-in.-

diameter (46.81) paraboloidal reflector antenna; (2) the diffraction levels

from a half-plane edge as compared to a rounded edge; and (3) the radiation

pattern of a monopole over a finite-size circular and rectangular ground

plane.

The first analysis was performed because low-sidelobe, high-gain antennas

are becoming increasingly important for future system designs. For a thorough

understanding of the antenna mechanisms that contribute to the antenna side-

lobe energy, we carried out a detailed radiation pattern analysis. One of the

most common types of antennas is the paraboloidal reflector with feed struts.

Although the antenna has been used in many systems, the wide-angle sidelobes

and backlobes have not been thoroughly analyzed until recently; the analyses

commonly used in earlier effects are valid for only the main beam region. An

existing 6-in.-diameter reflector antenna that was experimentally measured at

92 GHz was chosen for the theoretical analysis. The sidelobe contribution

from the struts, feed horn, and reflector edge can be determined from the

computer code. The amplitude and phase characteristics of radiation patterns

can be determined for both the principal and crossed linear polarization or

circular polarization components over the complete angular space.

The second analysis was performed to demonstrate the advantages of a

rounded edge over a half-plane (sharp) edge in the reduction of diffraction

levels for low-sidelobe antenna applications. This analysis was developed and

confirmed by experimental measurements.
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The third analysis studied a monopole located on various-size ground

planes. The monopole antenna over a ground plane is a simple configuration

that is used in many applications. Edge diffraction contributes significantly

to the monopole antenna with a finite ground plane. The capability derived

from this analysis was imediately used by a program office to assess the ef-

fects of relocation of a monopole antenna on a flat spacecraft surface. The

analysis is expected to be useful for many future applications.

A. ANALYSIS OF THE PARABOLOIDAL REFLECTOR ANTENNA

For calculation of the antenna radiation pattern of the 92-GHz, 6-in.-

diameter reflector, the OSUPATT computer program (Ref. 1) was obtained from

Ohio State University (OSU). The geometric theory of diffraction (GTD) and

the aperture-integration theory are utilized in this user-oriented program.

Also included in the program are the feed and strut scatter and the calcula-

tion of the off-principal plane patterns.

The radiation pattern in the forward direction of a reflector antenna can

be calculated by the aperture-field method or by the current distribution

method as outlined by Silver (Ref. 2). These methods provide accurate results

for the main beam and the close-in sidelobes, but, in general, do not provide

accurate results for the wide-angle sidelobes. The OSU staff (Ref. 1) ana-

lyzed the wide-angle sidelobes and backlobes by the GTD technique and utilized

aperture-integration methods to compute the pattern near the forward-axis

direction.

The feed-horn blockage is approximated by the replacement of the feed

structure with an equivalent circular or rectangular flat-plate model whose

area approximates that of the cross section of the feed structure. The con-

ventional physical optics approach is used by the OSUPATT program to determine

the flat-plate scattering, which is combined in a phasor sum to the other

pattern contributions. The feed-blockage aperture is assumed to be uniform

since it is relatively small compared to the reflector diameter.

The scattering from the feed supports is incorporated in the OSUPATT pro-

gram to determine the equivalent current line sources of each individual strut

(Ref. 3). Only metallic circular struts can be treated. The incident field

L . ...



on the struts is assumed to be only the reflected wave from the reflector;

i.e., direct coupling from the feed to the strut is not considered.

Only the forward scattered strut fields are used in the pattern computations.

The GTD technique is used to determine the equivalent line sources. The

phasor sum of the fields from each individual strut results in the total

radiation from the feed struts. The scattering from the feed horn and the

feed supports is combined with the reflector radiation to obtain the total

antenna radiation pattern.

The output of OSUPATT consists of the principal and cross-polarized pat-

terns of the strut scattering, the feed scattering, the reflector and direct

feed, and total field (including phase and amplitude). As received, the

OSUPATT program was restricted to linearly polarized feed systems, but has

been subsequently modified in-house for the analysis of circularly polarized

configurations. For linear polarization computations, the program required 27

sec for the computation of four patterns (that contained 1801 points each) and

for the plotting of eight graphs. The program represents the best available

state-of-the-art computer code for reflector antennas.

The antenna used in the circular reflector calculations is a 92-GHz, 6-

in. aperture paraboloid with a diagonal feed horn, as shown in Fig. 1. The

antenna is a prime focus configuration that has an F/D - 1/3. One strut ex-

tends beyond the rim of the reflector. The diagonal horn blockage (0.25 x

0.25 in.) was approximated by a 0.288-in. diameter flat plate. A rectangular

waveguide was used on the experimental antenna as the feed strut. Since the

program requires a circularly shaped strut, the height (0.141 in.) of the

rectangular waveguide was assumed to be the diameter of the circular strut.

The plane of the strut coincides with the H plane of the antenna. The angle

between the strut and the forward axis is B - 52. Principal plane feed

patterns (E- and H-planes) were tabulated from values based on measured data

and used as an input to the program.

The computed patterns, superimposed on the experimentally measured pat-

terns, are shown in Fig. 2. Since the strut lies in the H plane, the E plane
/

pattern has complete symmetry with respect to the main beam. However, because
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Fig. 1. Photograph of 29-GHz, 6-in.-Diameter
Reflector Antenna with Diagonal

Horn Feed

of the strut position, the H-plane patterns are asymmetric, as shown in

Fig. 2b. Comparison of the computed and measured patterns leads to the

following conclusions:

1. The close-in and wide-angle sidelobes agree reasonably well in level
and angular location.

2. The sudden drop in sidelobe levels at 0 - 1070 is caused by the
shadow boundary.
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3. The effects of the scattering from the strut are noticeable in the
H-plane patterns.

The agreement between measured and calculated results is quite remarkable

when the wide dynamic range and some of the differences between the mathemati-

cal and physical models are considered. The dynamic range of these computed

and measured patterns is 80 dB, whereas the conventional dynamic range of

antenna patterns is only 40 dB. A significant amount of effort was expended

to achieve experimentally the dynamic range of the patterns. The repeatabil-

ity of these results even at lower levels was quite good, which is necessary

for valid results. The physical model of the antenna differs from the mathe-

matical model as follows:

1. The rim of the parabola in the analysis is a sharp edge, whereas the
actual antenna has a rim with a -66* wedge angle and a chamfered
edge, as shown in Fig. 1.

2. Curved portions of the waveguide are not incorporated in the
analysis.

3. The actual antenna has a 12-in.-diameter, absorber-covered disk
behind it that is not included in the analysis, which results in
discrepancies in pattern levels primarily in the -150 to 1800
angular region.

B. DIFFRACTED FIELD REDUCTION FROM AN EDGE

A convenient approach to the reduction of the diffracted fields from an

edge is for the edge to be made round. The rounded edge becomes quite effec-

tive when the radius of curvature is significant compared with the wavelength

dimension. Rounded edges are therefore more practical at millimeter wave-

lengths than the microwave regime since a radius large in terms of wavelengths

may be achieved with a modest physical dimension. The mechanisms behind the field

reduction are the lower diffraction from the wave attached to the rounded edge

coupled with the radiation attenuation associated with the creeping wave. An

analysis was completed for the illustration of the improvement in field reduc-

tion from a rounded edge versus a half plane; the geometry for both is given

in Fig. 3. With use of the diffraction coefficients from Kouyoumjian (Refs.

4, 5), the diffracted field from the half-plane and the curved edge is shown

in Eqs. (1) and (2), respectively.
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for Diffracted Field Reduction. (a) Half-
Plane. (b) Rounded edge.

IEhpIm I ..rI 1 I (1)
d iFF 2'i +~ 0

L-COS 2 )Cos 12

for the half plane and

lAT~ka 1/3 1 (2 2/3(1 019) Co2lEca -L1 (ka) 1/3 (0144el083) -e (a~/ 2 "  2.338' 6o (2)

for the rounded edge,

where k - 2 w/X

AY - T - T = angle wave travels around the cylinder

These equations yield the total field in the shadow region. The diffracted

field of the rounded edge relative to the half-plane is
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K d  - (k)8/3 (0.64e" -A(: 70 0) (ka)1 /3

Eh-- =- 
(3 )

IEdpI 0.1995 T Td -_ *o Y +Yo
0 01

-Cos 2 -cc

where the upper coefficients and + sign represent the electric field vector E

perpendicular to the edge, and the lower coefficients and - sign represent the

electric field parallel to the edge.

A representative set of curves that indicates the diffraction reduction

for a 30* incidence angle is shown in Fig. 4. The squares and circles repre-

sent experimental data points that confirm the analysis quite well.

C. ANALYSIS OF A MONOPOLE OVER A GROUND PLANE

The pattern characteristics of a monopole antenna mounted over a circular

or rectangular ground plane can be computed by use of the GTD. This approach

was initially discussed in Reference 6, and the diffracted contributions for

the circular ground plane were later examined in Reference 7. An analysis was

performed in-house so that suitable equations could be obtained for the exami-

nation of different ground-plane dimensions. The overall pattern is computed

by the addition of the ground-plane edge diffracted components to the monopole

direct radiation. The rectangular ground plane can be treated as a two-

dimensional problem; the circular ground plane is complicated by the necessity

for the consideration of the circumferential edge currents. Integration of

the edge currents (Ref. 7) resulted in a relation similar to that of the

square ground plane; i.e., the diffraction component was multiplied by

t/rI n 6.

The geometry of the monopole rectangular ground-plane antenna system is

shown in Fig. 5. With the use of Reference 6 as a starting point, the

radiation pattern equation for the rectangular ground plane may be written as

K -inB+ e[ka (I - sin 0) T.j * ie(I + lin 6)+0

1 o 90+e 2 90 - 0Cos -c4 os
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Fig. 5. Geometry of Honopole over Rectangular Ground Plane

where k - WA

- wavelength

The sin 6 term represents the pattern of the monopole on an infinite ground

plane and is used only for 0' < 8 < 90*; i.e., below the ground plane the

monopole does not contribute to the overall pattern. The second and third

terms represent the diffraction terms from the right and left edges of the

ground plane, respectively (see Fig. 5). The + sign is used for the upper

hemisphere (0" < 8 < 90") and the - sign is used for the lower hemisphere (90'

< 8 < 1800).

The diffraction terms of Eq. (4) approach infinity near the shadow

boundary region (8 - 90'). Rigorous analytical functions are available that

result in exact pattern computations near 90, but they are not amenable to

HP-97 calculator computations. A simpler expansion was used so that values

could be obtained near the shadow boundary. The resultant pattern equation is

written as

SB sinO( 4 Ico -I~e / * [ka, 2( + sin 0) +-!1
4w/' cos 9
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for the pattern on the right, and

-si 6**-ka (1-sin 0) +. SW a,'i- ... .0 * 1f - 4 cos 90e-Ole
SB! co 90 + 0-1T

4777 c (5b)

for the pattern on the left. Again, the sin 0 term is used only for the upper

hemisphere and is assumed to be zero in the lower hemisphere. The upper signs

are used for 0* < 6 < 90'; the lower signs, for 90" < 0 < 180'. A smoothly

drawn curve must be made to Join the curves derived from Eqs. (4) and (5) be-

cause of the multiply diffracted terms that are not included in the analysis.

A fixed ground-plane length of 5.5A was selected, and the monopole was

located 1A from the left edge for one computation and at the center of the

ground plane for a second computation. The computed patterns are illustrated

in Fig. 6. The dashed pattern applies to the monopole located at the center

of the ground plane; the solid pattern applies to the monopole off-center.

These patterns illustrate the pattern asymmetry that results when the monopole

is not centered in the ground plane.
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The pattern for a short monopole over a circular ground plane can be

expressed by

E *siO J~ka(1 sin 0) +.~] i[ka(1 + sin 8)+E -sin e 0 a .+ +~ 0 T 0 (6a)

4w/ sin 0 cos---- 4wf sin 0 cos 90-8-2A 2

1- 4/-Icos 90 + e jw/4 -J[ka(I + sin 8) + v1ESB =sin e; 2 e-  W 8 (6b)
21rsine 4w sin cos

A 2

where k = 2w/A
A - wavelength,

a - radius of ground plane

Note that Eqs. (4) and (6) are similar except for the /Tiii factor in
the denominator of the Eq. (6) diffraction terms* This factor was derived by
examination of the asymptotic behavior of the equivalent current diffraction
analysis presented in Reference 7. The sin 0 term for the monopole radiation
is used only for the upper hemisphere as it is in the rectangular ground plane
antenna system. The upper signs are used for the upper hemisphere, whereas
the lower signs are used for the lower hemisphere. Equation (6b) must be used
near the shadow boundary. The patterns for a ground plane with a 4.3k radius
are shown in Fig. 7. As a comparison, the pattern of a monopole on a square
ground plane whose sides are 8.6A is shown in Fig. 8. The patterns are simi-
lar, except that the circular ground plane pattern produces higher sidelobe

levels.

The monopole-ground-plane analysis provides the first step toward the
modeling of broad-beam antennas mounted on a spacecraft.
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III. SUMIARY AND CONCLUSIONS

The OSU OSUPATT computer program was incorporated into our CDC 7600

computer. The computer code has the capability for the calculation of reflec-

tor antenna gain and patterns, including wide-angle sidelobes and backlobes,

over a 80-dB dynamic range with reasonably good accuracy. The code accounts

for strut and feed blockage and diffraction from the edge of the dish. We

have subsequently added a circular polarization subroutine and a plot subrou-

tine to the program.

The GTD was applied to the program for the computation of the diffraction

from metal edges and of the radiation patterns of a monopole mounted over a

circular or rectangular ground plane. It is shown that the diffraction from

an edge can be reduced by the use of a rounded edge rather than a sharp edge

if the region of interest is at least 30* into the shadow region. The validity of

this diffraction-reduction technique was verified by experimental data. The

monopole analysis can treat a wide variety of geometries and provides a method of

assessing the diffraction distortions caused by finite size ground planes. The

theoretical analyses performed to date have extended our in-house capabilities

for the computation of antenna characteristics.
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